The attainment of sexual maturity of the female mammal depends upon the endocrine function of the ovary but it has not been clearly demonstrated to which part of the gonad this is due. In a recent review Marshall (1) writes "It is not known what precise ovarian elements are responsible for the production of the hormone which is an excitant for the development of the female organs and characters or the possible inhibition of the distinctively male ones, . . . . " Although the physiology of the immature ovary is still quite obscure, Y it is well established that the first ovulation does not usually occur unt,il puberty (2).
Consequently
no follicles att,ain to full maturity until that time, and there are normally no corpora lut,ea present in the immature ovary.
Therefore the follicles and interst'itial tissue are the only two possible sources of the hormone which brings about a sexually ma,ture condition in the fernale.
Ovarian interstitial tissue, used as a general term implying a possible endocrine function,
is not yet on a firm histological ba&. Several investigaltors have failed to find it in appreciable amounts in mammalian ovaries of several species. It has, however, been especially stressed bv Steinach (3) as a source of production of the hormone which brings aboui sexual maturity in the female. Marshall (p. 346) summarizes t&is conception :
According to Steinach and his followers, the interstitial cells of the ovary represent the "puberty gland" of the female organism, that is to say, that gland which is responsible for all the essentially female charact,eristics including not only the accessory generative organs such as the uterus and mammary glands but also the secondary characters of sex and the psychological female characters. The organ is called the "puberty gland" because those characters which depend upon its activity undergo marked development at puberty.
It may have seemed logical to stress the interstitial tissue of the ovary as the "puberty gland" when it was considered that ova lie dormant in the ovary until puberty.
There is some evidence, however, that follicles in the immature ovary are actively growing (4, p. 440), but that their full development is in some way restrained. If this is so, are they also elaborating the hormone which causes sexual development? The extraction of the follicular hormone from large follicles of ovaries of swine and the demonstration that it will substitute satisfactorily for the hormonal function of the adult ovary in producing maximum osstrous growth and function of the genital tract in rats and mice (5)) (6) (7)has led us to test its effect upon immature animals.
Immature rats of ages ranging from the time of weaning (24 days) to the age of 54 days have been used in these experiments.
The cxtensive monograph by Long and Evans furnishes reliable data concerning the time of the attainment of puberty in these animals. This tirne varies . greatly; considerable numbers of animals being included in a range between 40 and 90 days of age. The mode of tlhe curve is 76.5 days.
The work of Long and Evans shows further that two of the p;incipal criteria of sexual maturity need not necessarily be coincident. The vagina of the immature rat is completely closed, itIs external one-third being a solid cord of cells. The opening of tlhe vaginal orifice and the appearance of the first signs of oestrus may therefore be applied to these animals as one definition of sexual maturity. The ovaries of animals killed during the next few days, however, often do not contain corpora lutea, thus indicating that ovulation has not occurred.
From an ext,ended series of animals Long and Evans conclude that the first ovulation usually occurs about five days (the duration of one cycle) after the opening of the vagina. Consequently this might also be defined as the time of attainment of puberty. Since in this paper we are interested chiefly in the actual substitution of the follicular hormone for the endocrine 'function of the ovary, and since some of our experiments involve the removal of both ovaries, the choice of the first definition of sexual maturity, the opening of t,he vagina and first signs of oestrus, seems more applicable. Therefore reference to a sexually mature condition in this paper refers to the condition of the genital tract and not to the production of ova.
The follicular contents (liquor folliculi, some follicle cells and occasional ova) from hog ovaries selected for advanced follicular development, or active extracts of this material (7), were used in these experiments.
The material injected contained from 3 to 20 "rat units" of the follicular hormone.
A rat unit is the minimal quantity which will induce full oestrous growth in the genital t'ract of a spayed adult rat 48 hours after the first of three 1 cc. injections given at intervals of 4 tJo 6 hours (6 b).
Several immature
females of approximately the same weight were chosen from large litters, differentiated by ear notches, and kept in the same cage. One from each litter served as a control.
The others were given varying numbers of injections of the follicular hormone. The first series were normal animals, the last spayed animals.
In table 1 are listed the data on the first series of injections. The age range of the animals used is from 25 to 54 days.
Litter sisters are grouped together.
Liquor folliculi and concentrated alcoholic extract of follicular contents were given in 1 cc. injections at quite closely spaced intervals. An open vaginal orifice was noted and an oestrous smear taken from animal 4N at noon on the 24th, 22+ hours after the first injection.
Since the oestrous smear depends upon growth of the vaginal epithelium to maximum thickness and, as shown in our earlier experiments (6b), this requires from 36 to 48 hours in the spayed adult rat, it is probable that rat 4N was on the verge of puberty when injections were begun. The litter sister, 4C, did not att(ain to sexual maturity during the course of the experiment. (5), (6) and (8). The control animals were still sexually immature.
Animal 1 was nearly killed by the severity of the injections which were much too large for such a small animal.
A second series of injections of liquor folliculi, 3 cc. per dose, was made into four litter sisters 24 (a 1) days old (table 2) .
On the third day (51$ hours) after the first injection the open vagina snd oestrous smear indicated positive results in the three animals injected.
The condition of the control animal continued unchanged. A third series of injections was made into normal litter sisters 35 days old, to test the effect upon general body growth (table 3). The weights of these rats ranged from 47 tlo 52.5 grams, average 49 grams. Doses of 0.7 cc. of an alcoholic extract were given at first. When these were exhausted 1 cc. doses of liquor folliculi fresh daily were substituted.
At 5:30 p.m. on the 6th, although there was considerable reddening of the vulva, the opening of the Vagina had not occurred.
At 9: 30 a.m. on t#he following day an open vagina was observed and oestrous smear obt!ained from each of the injected animals.
The control animal remained in an immature condition.
Nos. 12 and 12-2N were killed for histological examination.
Injections were continued into 12NL and 12NR for 2 and 3 days respectively.
The control animal, 12-2N, increased 5 grams in weight in three days. Animal 12 gained 4 grams in the three days during which she was injected; 12NL, 5.5 grams in 4+ days; and 12NR, 5.5 grams in 5+ days. From these data it is obvious that inject/ions of the hormone did not greatly retard gain in body weight.
A fourth series of injections was made into normal animals to furnish a more complete histological check on the conditions of the genital organs (table 4) . Three litters, 29, 25 and 25 days of age respectively, were chosen, one animal from eac.h being kept as a control.
An open vagina was not,ed and an oestrous smear obtained from each injected animal. The controls remained unchanged.
So far our injections into immature animals had been made without previously removing their ovaries, depending upon litter sisters as controls.
At this point t'he realization came that we had not proved the follicular hormone a substitute for the ovary, for conceivably something vyhich might not actually subst'itute might activate the immature ovaries to produce the result.
Consequently a fifth series of injections was made into animals from which both ovaries had been removed one and two clays before the first A sagittal section of the vagina of control animal A-12 (see fig. 1 wall of inner f of vagina as seen at right of figure 1 (sagittal se+ tion). Epithelium 2 to 3 layers thick. Rat A12. inner + of vagina (cross section). Thick walled, with heavy cornified layer intact; a typical oestrous condition.
Rat AlS-NL, 31 days old. The inner two-thirds have a well formed lumen shown at the right in figure 1. The walls of this region are 2 to 3 cell layers thick ( fig. 2 ). An occasional mitotic figure (slightly to the left of the center in the basal layer) indicates that sdme growth is taking place.
The uterus is small and anemic ( fig. 7) . A few simple tubular glands have begun development.
The uterine epithelium is quite undifferentiated and the stroma almost embryonic in structure ( fig. 11) fig. 2 ). These compare favorably with conditions in the normal adult animal ( (8), figs. 9 and 10) and with the oestrous condition induced in mature spayed animals by injections of the follicular hormone ((6 b), figs. 10, 11 aOnd 12).
The vaginal wall is thick (8 to 12 nucleated cell layers) and has a welldeveloped superficial stratum corneum which contributes the cells of the oestrous smear, thus making it possible to follow the course of the experiment in the living animal (5). The germinal epithelium contains an exceptionally large number of mitotic figures indicative of the rapid growth which has added so many layers of cells in such a short interval. This whole epithelium including the cornified layer is a new growth caused by the injected hormone, for the former vaginal wall of the control animal represented in figure 2 has been sloughed into the lumen (8).
The condition of the uterus of injected animals is shown in figures 8, 9, 10 and 12 (compare with figs. 7 and 11). The cornua are hyperemic and greatly distended with uterine secretion.
Mitoses are abundant in the epithelium which is typically columnar w&h t,hc nuclei ranged along the basal membrane.
The stroma cells are spindle shaped. In 48 to 60 hours the differentiation represented in figure 12 has been induced in the infantile uterus by injections of the follicular hormone (compare figs. 11 and 12).
A consideration of the effect of the injections upon the ovaries will be undertaken in a later paper.
CONSIDERATION OF RESULTS.
The demonstration that pubertal development of the female genital tract depends upon the follicular hormone, Worn these considerations it seems probable that the development of th: the secondary sex characters (in this species at least) is dependent upon f ollicular hormone. rather than upon the interstitial "puberty gland," establishes the hormonal function of the ovogenic tissue of the immature ovary. Is this hormone also responsible for the development of the secondary sex characters? This possibility has led us to a more careful study of the immature ovary with the object of comparing ovogenic and interstitial tissue. The latt'er is either absent or present in very small amounts in the ovaries of rats.
On the other hand, follicles in all but late stages of development are present, and some of the larger of these already contain considerable amounts of liquor f olliculi.
Maturation spindles are also to be found in the ova of some of the larger follicles, suggesting that they may go through partial maturation even though they are not ovulated. The periodic formation of new ova in the adult ovary (4), (10) makes it unnecessary to consider that ova in the immature ovary lie dormant until they either degenerate or are ovulated.
From these points it seems probable that follicles in the immature ovary are growing and producing this hormone in small amounts but that some restraining influence inhibits their complete growth and function until just before the attainment of puberty.1 The results of experiments by Long and Evans are of interest in this connection.
Successful maturation of ova and ovulation were induced in rats by transplanting immature ovaries to mature hosts. This may be interpreted as indicating that it is not only the actual age of the ova but also the environmental influences in the mature body which determine the time of maturation of the first ova and the consequent attainment of puberty. SUMMARY AND CONCLUSIONS
1. The injection of the ovarian follicular hormone into immature rats (both normal and spayed) induces a sexually mature condition in the genital tract similar to that of an animal experiencing its first oestrus.
2. This may be effected in 2 or 3 days by 4 to 6 injections of an active extract as early as 26 days of age, or 20 to 50 days before the usual time of the attainment of puberty.
1 It is suggested tentatively that a, the development of the follicles and consequently the secretion of the follicular hormone in the immature ovary is restrained by the greater demands of rapid pre-pubertal body growth upon available nutriment, necessary hormones, etc . ; b, that these demands become less exacting when the growth increment curve flattens out as the animal approaches the size limit of the species, whereupon this material is diverted into reproductive channels.
